Background: Few studies have examined the predictors of adherence separately for supervised and unsupervised exercise or in postmenopausal women over an extended time period. Here, we report the predictors of exercise adherence in the Alberta Physical Activity and Breast Cancer Prevention (ALPHA) Trial. Methods: The ALPHA trial randomized 160 postmenopausal women in Calgary and Edmonton, Canada to an exercise intervention that consisted of an average of 200 min/wk of supervised (123 minutes) and unsupervised (77 minutes) exercise over a 1-year period. Baseline data were collected on demographic, health-related fitness, quality of life, and motivational variables from the theory of planned behavior. Results: Participants completed an average of 95% of their supervised exercise and 79% of their unsupervised exercise. In multivariate analyses, 8.1% (P = .001) of the variance was explained for supervised exercise by being from Edmonton (β = 0.22; P = .004) and older (β = 0.15; P = .050). For unsupervised exercise, 21.1% (P < .001) of the variance was explained by being from Calgary (β = -0.39; P < .001), having a family history of breast cancer (β = 0.21; P = .003), and having higher vitality (β = 0.19; P = .011). Conclusions: Predictors of adherence may differ for supervised and unsupervised exercise, moreover, predicting adherence to supervised exercise may be particularly difficult in well-controlled efficacy trials.
Exercise interventions to reduce disease risk are dependent on adequate levels of adherence over an extended period of time and often comprise supervised and unsupervised exercise. 1, 2 Few studies, however, have examined the patterns and predictors of adherence to supervised and unsupervised exercise over an extended period of time using a comprehensive approach and a validated theoretical model. 1, 2 Understanding the determinants of adherence to supervised and unsupervised exercise may facilitate the development and delivery of public health interventions designed to promote long term exercise adherence. Here, we report the pattern and predictors of exercise adherence from the intervention arm of the Alberta Physical Activity and Breast Cancer Prevention (ALPHA) Trial. 3, 4 The ALPHA Trial was a primary prevention trial involving 320 sedentary, postmenopausal women designed to determine the efficacy of a 12-month exercise intervention on biologic markers associated with breast cancer risk. We previously reported that the exercise intervention resulted in changes in sex hormones and adiposity that were consistent with a reduced risk of breast cancer. 3, 4 To achieve this risk reduction, however, women were asked to adhere to an exercise intervention that consisted of an average of 200 min/wk of moderateto-vigorous intensity exercise for a 1-year period. Participants were asked to perform at least 3 sessions/wk (approximately 123 of the 200 minutes) in supervised exercise at a fitness facility and up to 2 sessions/wk (77 minutes) in unsupervised exercise at a location of their choosing. Overall adherence in the trial was 178 min/wk, which was 89% of the total exercise goal of 200 min/wk. 3 To achieve these risk reductions in public health practice, postmenopausal women must be able to adhere to the exercise intervention.
In the ALPHA Trial, we examined the theory of planned behavior (TPB) 5 within a broader ecological model that included demographic, health-related fitness (HRF), and quality of life (QoL) variables. The TPB is a social cognitive model of human behavior that proposes that intention (ie, motivation) is the key determinant of behavior. Intention, in turn, is influenced by perceived behavioral control (controllability over the behavior), self-efficacy (confidence in performing the behavior), instrumental attitude (expected benefits of performing the behavior), affective attitude (expected enjoyment in performing the behavior), injunctive norm (anticipated support from important others for performing the behavior), and descriptive norm (the extent to which important others perform the behavior themselves). Although HRF and QoL are most often examined as health outcomes of exercise, they may also be reciprocal determinants of exercise by making exercise easier or more enjoyable to do. [6] [7] [8] Consequently, we examined these variables as additional potential predictors.
Based on previous systematic reviews of the exercise determinants literature, 9, 10 we hypothesized that better adherence would be achieved by participants who were married, employed, better educated, fitter, and with better QoL. In contrast to these systematic reviews, however, we did not expect motivational variables from the TPB to predict adherence given the nature of our trial (ie, an efficacy trial). Previous systematic reviews have included observational studies and/or effectiveness trials that usually contain participants with a wide variation in motivation who receive limited or no behavioral support. Recent research has shown that in highly selected and motivated participants receiving substantial behavioral support in efficacy trials, motivational variables play a more limited role in predicting exercise. 6, 7 Consequently, these more recent data prompted us to expect a more limited role for the TPB in the ALPHA trial than we originally anticipated. Finally, we explored the predictors of supervised versus unsupervised exercise separately as both exercise formats are commonly employed in exercise intervention and promotion efforts.
Methods

Setting and Participants
The overall design and methods for the ALPHA Trial have been reported elsewhere. 3, 4 In brief, the ALPHA Trial was a 2-centered, randomized controlled trial involving postmenopausal women in Calgary and Edmonton, Alberta, Canada. Women from the general population were recruited through mailings to participants in the Alberta Breast Screening Program, posters and brochures distributed to family physicians, and media campaigns. Eligibility criteria included: age 50-74 years, postmenopausal, no previous cancer, sedentary (<90 minutes of weekly exercise), able to do unrestricted physical activity, normal blood lipid and hormone levels, body mass index (BMI) between 22-40 kg/m 2 , nonsmoker, no medications or exogenous hormones that might influence estrogen metabolism, and not currently or planning a weight loss program. A telephone screen identified eligible women who attended an information session about the study. Further screening was based on questionnaires, a mammogram, physician approval, a blood draw, and a submaximal fitness test. Participants were then randomized to either a 1-year exercise intervention or a control group that was asked not to change their exercise behavior.
Exercise Intervention
The final exercise goal for women randomized to the exercise intervention was to perform moderate-tovigorous intensity aerobic exercise for at least 45 min/ session on 5 days/wk for 1 year (ie, 225 min/wk). The exercise prescription increased gradually over the first 3 months starting with 3 weekly sessions of 15-20 minutes at 50%-60% of heart rate reserve, resulting in an average goal of 200 min/wk over the entire 1-year period. Participants wore heart rate monitors (Polar A3) to ensure that at least half of their total workout time was between 70%-80% of their heart rate reserve. They were instructed to warm up for 5 minutes, cool down for 5-10 minutes, and stretch. Within these general parameters, the program was individualized to the age and fitness level of each participant. Participants were asked to perform at least 3 sessions/wk (approximately 123 of the 200 minutes) in supervised exercise at a fitness facility and up to 2 sessions/wk (77 minutes) in unsupervised exercise at a location of their choosing. Several methods were used to increase adherence to the exercise intervention including an individualized exercise program with regularly scheduled sessions, automatic telephone follow-up for missed sessions, plans for sessions missed because of vacations or illness, a comprehensive educational package, group sessions, positive social interaction, donated incentives awarded at different milestones, regular newsletters, and a study website.
Assessment of Exercise Adherence
The primary measure of exercise adherence was weekly minutes of total, supervised, and unsupervised exercise excluding warm-up and cool-down periods. Supervised exercise minutes were measured objectively by the exercise trainers. Unsupervised exercise minutes were assessed by exercise logs that the women completed and returned to the exercise trainers on a weekly basis. Total exercise was the sum of the supervised and unsupervised exercise minutes.
Assessment of Predictors
Standard items on demographics, medical, and reproductive history were obtained from a self-administered questionnaire at baseline and have been described else-where. 3 Assessments of body composition and cardiorespiratory fitness have also been reported elsewhere. 3, 4 Briefly, a modified Balke treadmill protocol was used to estimate maximum oxygen consumption (VO 2 max) from submaximal exercise intensities. 11 Weight and height were measured using a balance beam scale and a stadiometer to calculate body mass index (BMI). Waist and hip circumferences were measured to the nearest 0.1 cm using a metal tape measure. Total body fat and body fat percentage were assessed using whole body dual energy x-ray absorptiometry scans and intra-abdominal and subcutaneous fat were measured with a single computed tomography slice at the umbilicus. QoL was assessed by the Medical Outcomes Study short form survey (SF-36) 12 and its assessment has been reported elsewhere. 13 Briefly, the 8 subscales were transformed into 0 to 100 scales with higher scores indicating better QoL. 12 TPB constructs were assessed before randomization by all participants based on a standard format recommended by Ajzen 14 using items that have been extensively tested in exercise studies in cancer survivors. 6, 7 Each TPB variable was assessed by 1 or 2 items (Cronbach's α provided for scales with 2 items). Some examples of the TPB items are: a) Intention: "My goal is to attend _____ % of the 260 exercise sessions over the 52 week exercise program (insert a number between 0 and 100)"; b) Motivation: "How motivated are you to achieve your exercise goal over the next 52 weeks?" with response options ranging from 1 (slightly motivated) through 4 (moderately motivated) to 7 (extremely motivated); c) Perceived behavioral control: "How much control do you feel you would have over completing this 52 week exercise program?" with response options ranging from 1 (very little control) through 4 (moderate control) to 7 (complete control); d) Self-efficacy (α = .67): "For me to complete this 52 week exercise program would be:" with response options ranging from 1 (extremely difficult) through 4 (moderately easy/difficult) to 7 (extremely easy); e) Instrumental attitude: "I think that participating in this 52 week exercise training program would be . . ." with response options ranging from 1 (extremely useless) through 4 (neutral) to 7 (extremely useful); f) Affective attitude (α = .71): "I think that participating in this 52 week exercise training program would be . . ." with response options ranging from 1 (extremely unenjoyable) through 4 (neutral) to 7 (extremely enjoyable); and g) Injunctive norm (α = .76): "Most people who are important to me approve of me doing this 52 week exercise program" with response options ranging from 1 (strongly disagree) through 4 (neutral) to 7 (strongly agree).
Statistical Analyses
Sample size for the trial was based on the primary endpoints of sex hormones and body composition. 3, 4 For the present report, the 160 participants randomized to the exercise group provided 80% power (2-tailed alpha < 0.05) to detect medium standardized effects sizes of about 0.45 for between group comparisons. For ease of interpretation, we created a priori categories based on standard groupings for most demographic variables. We also transformed the continuous variables of HRF, QoL, and the TPB into categories because of distributional problems (ie, highly skewed) and for ease of interpretation (ie, to provide an estimate of the association in minutes of exercise). For some QoL variables and all TPB variables that were highly skewed, we transformed them into dichotomous variables based on the highest response (ie, 100 or 7) versus less than the highest response (ie, < 100 or < 7). Associations between the baseline variables and exercise adherence were assessed in bivariate analyses and then in forward stepwise regression models. Variables with P-values < 0.10 in the bivariate analysis were considered in the multivariate analysis.
Results
Basic adherence statistics have been reported elsewhere. 3 Briefly, the exercise group completed an average of 3.6 (SD = 1.3) sessions/wk and an average of 178 (SD = 76) total exercise min/wk (89% of the prescribed 200 exercise minutes). Table 1 presents detailed adherence to the exercise intervention separately for supervised versus unsupervised minutes by intervention location (Calgary and Edmonton). Adherence to the supervised portion of the exercise intervention was higher at 95% (117/123) compared with 79% (61/77) for the unsupervised portion. Moreover, participants in Edmonton completed more supervised exercise minutes (131 vs.102) whereas participants in Calgary completed more unsupervised exercise minutes (78 vs.46), although there was no difference in total exercise minutes (180 vs.177). Table 2 presents adherence to various predefined levels of exercise over the entire 12 month period and by quarter. Overall, 45% (72/160) of participants exceeded the trial goal of averaging 200 min/wk. Moreover, 71% (114/160) were able to exercise at the current public health guidelines of 150 min/wk. Finally, adherence remained constant over the final three-fourths of the yearlong exercise intervention after an initial ramp-up period during the first quarter (ie, means of 133, 199, 196, and 186 minutes per quarter).
Predictors of Adherence to Total, Supervised, and Unsupervised Exercise
Bivariate associations between the various predictors and total, supervised, and unsupervised exercise are presented in Table 3 (demographic), Table 4 (HRF), Table  5 (QoL), and Table 6 (TPB). Adherence to total exercise was better for married participants (P = .059) and those with higher scores from the SF-36 on general health (P = .039), physical function, (P = .073), and vitality (P = .099). Adherence to supervised exercise was better for older participants (P = .071), Edmontonians (P = .002), those with a greater fat mass (P = .061), and better general health (P = .048). Adherence to unsupervised exercise was better for married participants (P = .024), those with a family history of breast cancer (P = .023), Calgarians (P < .001), overweight participants (P = .092), those with a lower % body fat (P = .025), and those with better physical function (P = .019), role-physical (P = .038), vitality (P = .008), and mental health (P = .014).
In multivariate analyses, 6.2% (P = .007) of the variance in total exercise was explained by physical function (β = 0.20; P = .011) and marital status (β = -0.14; P = .075). For supervised exercise, 8.1% (P = .001) of the variance was explained by intervention location (β = 0.22; P = .004) and age (β = 0.15; P = .050). For unsupervised exercise, 21.1% (P < .001) of the variance was explained by intervention location (β = -0.39; P < .001), family history of breast cancer (β = 0.21; P = .003), and vitality (β = 0.19; P = .011). To further identify potentially modifiable predictors that may have been masked by the large influence of location, we reran the supervised and unsupervised regression models without location. For supervised exercise, 3.2% (P = .024) of the variance was explained by age (β = 0.18; P = .024). For unsupervised exercise, 16.7% (P < .001) of the variance was explained by physical functioning (β = 0.25; P = .001), family history of breast cancer (β = 0.18; P = .014), mental health (β = 0.17; P = .027), and marital status (β = -0.13; P = .084).
Discussion
Adherence to the exercise intervention in the ALPHA Trial was very high with participants completing an average of 178 (89%) of the prescribed 200 minutes over the year-long intervention. Moreover, 45% of participants exceeded the trial goal of averaging 200 min/wk over the 12 months and 71% were able to exercise at the current public health guidelines of 150 min/wk. Adherence was higher to the supervised portion of the exercise intervention (95%) compared with the unsupervised portion (79%). Finally, adherence remained stable over the final three quarters of the year-long exercise intervention after an initial ramp-up period during the first quarter.
Our adherence rate compares favorably to previous exercise interventions in older adults and to 2 similar yearlong exercise trials in postmenopausal women focused on breast cancer prevention. Martin and Sinden 15 reviewed 21 exercise trials in older adults with an average length intervention of 35 weeks and reported a mean adherence rate of 78% although the adherence rate was only 63% for trials that included all participants randomized to exercise in the adherence calculation (ie, intention-to-treat). Moreover, many of these trials reported adherence to a lower volume of exercise compared with more recent trials. Using a similar exercise prescription to the ALPHA Trial, Irwin et al 1 reported an average of 171 exercise minutes (87% of the exercise prescription) in 87 women over a 1-year intervention with 68% achieving the public health exercise guidelines. In that trial, results were not reported separately for the supervised and unsupervised components, and there was some deterioration of adherence over the final quarter. In the Sex Hormones and Physical Exercise (SHAPE) Trial, Monninkhof et al 2 reported that 61 of the 96 (63.5%) women in the exercise intervention attended at least 70% of the twice weekly, 1-hour group exercise sessions. Consequently, the ALPHA Trial achieved one of the highest exercise adherence rates for trials of a similar nature which, paradoxically, may have reduced our ability to identify significant predictors of adherence. Nevertheless, several important findings emerged from our trial concerning exercise predictors.
Contrary to the vast majority of exercise determinants research, 9,10 but consistent with 2 recent exercise trials in cancer patients, 6 ,7 motivational variables from the TPB did not predict exercise adherence in the ALPHA Trial. There are several possible explanations for why motivational variables may be limited predictors of adherence in more efficacy-oriented exercise trials. First, there are usually ceiling effects and limited variability in the motivational variables at baseline because of the highly select samples that volunteer for such trials. This situation existed in the ALPHA Trial (see Table 6 ) with its strict eligibility criteria and demanding exercise intervention. Second, many exercise efficacy trials, including ALPHA, consist of supervised exercise sessions, well-trained staff, and an excellent behavioral support program. These factors may further negate the role of individual motivation. It has been noted previously that motivational variables may play a more important role in unsupervised exercise trials, longer trials focused on exercise maintenance, or trials with a more limited behavioral support program. 7 Nevertheless, we did not find motivational variables to predict exercise adherence even for the unsupervised portion of this year-long trial. This finding may also be viewed as supportive evidence that our behavioral support program was sufficient for overcoming motivational differences at baseline.
An unexpected finding in our trial was the differences in exercise adherence between the 2 centers. While the intervention location did not influence the total exercise minutes achieved by participants, it did influence the format for achieving the total exercise. Edmonton participants completed more supervised exercise whereas Calgary participants completed more unsupervised exercise. To examine potential differences between the cities, we compared Calgary and Edmonton participants on the major demographic and behavioral variables and found that the only differences were that Calgary participants were more likely to have some college education (79% vs. 62%; P = .02) and had a slightly lower BMI (28.6 vs. 29.6; P = .01). Consequently, we feel the differences in the adherence format may be related to the nature of the fitness facilities and the amount of personal contact in the 2 different locations. In Edmonton, participants were asked to complete their supervised exercise at a smaller University-based fitness facility used exclusively for research on exercise and cancer. In this context, participants were asked to schedule all exercise sessions and received a significant amount of 1-on-1 supervision as well as increased interaction among participants. In Calgary, participants were asked to complete their supervised exercise at a large community-based fitness facility that was available to the public. In this context, participants were allowed to drop-in to the facility during certain hours when an exercise trainer from the trial would be present and may not have received as much on-on-one attention or as much interaction with other study participants. A similar finding was reported by Courneya et al 6 in a trial of supervised exercise in breast cancer patients receiving chemotherapy across 3 Canadian centers. These findings highlight that even small differences in intervention delivery across centers may affect adherence. a % of subjects adhering to 80% overall goal: 160 min/wk. b % of subjects adhering to 80% supervised goal: 98.3 min/wk. c % of subjects adhering to 80% unsupervised goal: 61.7 min/wk.
Note. P-value from ANOVA comparing means among different categories.
Adherence to total exercise was predicted by marital status and several indicators of physical QoL. Being married and in better physical health are common predictors of exercise in the general adult population 9 and older adults specifically. 10 It is unclear why married women in our trial would achieve a higher adherence than unmarried women. One possibility, which we did not actually measure in the current study, is that the married women received more encouragement and tangible support from their husbands for participating in the trial. For example, our fitness trainers observed that several women received regular transportation from their husbands. Future research may wish to measure spousal support and other forms of support as potentially key determinants of adherence in clinical trials. The fact that better physical health predicted higher adherence in our trial is not surprising, especially given the demanding nature of our exercise intervention in terms of intensity and volume.
It may suggest a reduced feasibility of the intervention in women with compromised physical health; however, this question remains to be tested in an effectiveness trial with broader eligibility criteria.
Interestingly, some differences in predictors did emerge when examining supervised and unsupervised exercise separately. First, our predictors explained much more variation in unsupervised exercise (21%) compared with supervised exercise (8%). This finding may, in part, be due to the higher adherence to supervised exercise adherence but it may also reflect the fact that unsupervised exercise is more self-directed and might be more influenced by individual characteristics. We are not aware of any other trials that have examined the predictors of adherence separately for supervised and unsupervised components.
Moreover, the predictors of supervised and unsupervised exercise were different in kind and not just degree. In addition to location, adherence to supervised exercise was better for older women suggesting that they may have preferred the supervised component. The general literature has reported mixed findings on the association between age and exercise behavior. 9, 10 It is possible that the older women felt they needed more supervision for safety and/or instructional reasons, or that they benefitted more from the social support that came with the supervised exercise. Conversely, they may have had more time for supervised exercise if they were more likely to be retired and less likely to have dependent children. Adherence to unsupervised exercise was higher for women with a family history of breast cancer and those reporting better physical health, especially vitality. The finding that adherence was higher for women with a family history of breast cancer is intriguing because it suggests a potential motivational target for women at higher risk of breast cancer. In many studies, risk perceptions are generally not good predictors of exercise behavior. 9, 10 Nevertheless, the focus of the ALPHA Trial on breast cancer prevention may have heightened these women's awareness of their breast cancer risk and made it a salient factor in their persistence with the exercise intervention.
Paradoxically, we found that being overweight (as opposed to normal weight or obese) yet having the lowest % of body fat were associated with better adherence to unsupervised exercise. This apparent discrepancy is likely due to the modest associations between % body fat and BMI and the different sample sizes in the categorization of each variable. For example, there were women who were in the normal range for BMI but had very high % body fat because of a limited amount of muscle mass. Moreover, BMI has agreed upon clinical cut points that resulted in varied sample sizes of 34 (normal), 62 (overweight), and 64 (obese) whereas % body fat has no agreed upon clinical cut points so we used a tertile statistical split. Consequently, there were different people in the normal BMI versus lowest % body fat categories. The strengths of our study include being the first study to prospectively examine the predictors of supervised and unsupervised exercise adherence in postmenopausal women over a 1-year period, a large sample size, the assessment of many different predictors, the adoption of a validated theoretical model, and the use of an objective measure of the supervised exercise component. An important limitation of our study is the highly select sample that reduces the generalizability of our findings and makes it more difficult to identify exercise determinants. Moreover, predictors of long term maintenance of exercise after a structured exercise program may be different and is an important future question. 8, 16 In addition, our predictors explained only 6-21% of the variance in exercise adherence, suggesting that other important factors not included in the current study may affect adherence in efficacy trials. Furthermore, we assessed supervised exercise objectively whereas unsupervised exercise was assessed by self-report, introducing a potential methodological explanation for differences between the predictors of supervised and unsupervised exercise.
In summary, we examined predictors of supervised and unsupervised exercise adherence in sedentary, postmenopausal women over a 1-year period. We found excellent adherence that was maintained over the 12-month period but was higher for the supervised compared with unsupervised portion. We found that the predictors of adherence to supervised and unsupervised exercise differed in terms of degree and kind with much stronger Our results also suggest that motivational variables may not be important predictors of adherence in the context of a highly controlled, efficacy trial. Our findings may be useful for developing behavioral support interventions to achieve better adherence rates in exercise efficacy trials and improved breast cancer prevention in public health practice.
